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RESULTS
Bacteroidetes , Firmicutes , Actinobacteria , Proteobacteria , Fusobacteria were the dominant phyla, and Prevotella , Bacteroides and Faecalibacterium was the top three genera in faecal samples. α diversity analysis showed that the species richness of metabolic syndrome samples (group D) was significantly higher than the control (group C) (P < 0.05), and the microbial diversity of group C was greater than that of group D. According to the principal co-ordinates analysis, the samples of group C clustered more tightly, indicating that the distribution of bacteria in healthy patients was similar. The correlation analysis showed that alkaline phosphatase was negatively correlated with the abundance of Prevotella (P < 0.05). There was a negative correlation between low-density lipoprotein and the abundance of Ruminococcus (P < 0.05) and a positive correlation between the high-density lipoprotein and the abundance of Ruminococcus (P < 0.05). The total protein and the alanine aminotransferase was positively correlated with the abundance of Peptostreptococcus (P < 0.05).
CONCLUSION
The changes microbial communities can be used as an indicator of metabolic syndrome, and Prevotella may be a target microorganism in patients with metabolic syndrome.
INTRODUCTION
Metabolic syndrome is one of the most pressing global health problems currently. This syndrome occurs in adults but has also been reported in adolescents, and its prevalence is estimated to be nearly 4.2% [1] . Metabolic syndrome is a cluster of disorders and metabolic symptoms that finally leads to an increased risk of cardiovascular disease [2] . The increasing number of people with metabolic syndrome is considered to be associated with the global epidemic of diabetes and obesity, especially abdominal obesity [3] . It has also been noted that the prevalence of metabolic syndrome increases with the severity of obesity [4] . It is known that an overabundance of circulating fatty acids can lead to insulin resistance which, in turn, could lead to metabolic syndrome. In fact, the WHO had defined that glucose intolerance, insulin resistance, obesity, hypertension and dyslipidaemia are essential component of metabolic syndrome [5] . The gut microbiota of humans has received seri ous attention in recent years, as it is an important component of human microbial communities. The gut microbiota establishes and maintains normal intestinal health and can improve or exacerbate a series of diseases ranging from stomach cancer to autoimmune disorders [6] . Sokol et al [7] reported that a high level of
Faecalibacterium prausnitzii in a healthy person could protect gut mucosa. Conversely, Staphylococcus aureus, a type of opportunistic human pathogen, is able to cause various diseases, such as pseudomembranous colitis [8] . Karlsson et al [9] noted that gut microbiota composition could instruct the metabolic status of patients with type 2 diabetes. Metagenomic studies have been widely conducted on human microbiomes and have identified various gut microbiota that are specifically related to the metabolic syndrome; for example, Prevotella copri contributes to insulin resistance, while Akkermansia municiphila is involved in increasing insulin sensitivity [10, 11] . Based on the Illumina Miseq sequencing platform, our study analysed the bacterial community structure of intestinal microflora in patients with metabolic syndrome. Furthermore, we analyzed α and β diversity, the differences and distributions of microbial communities and the particular bacterial species related to metabolic diseases by comparing healthy controls with patients with metabolic syndrome. By combining microbial community analyses with the clinical indicators, we aimed to determine a relationship between selected bacteria and metabolic diseases.
MATERIALS AND METHODS
Patients and samples
Twenty patients with metabolic syndrome were recruited from the hospital outpatient and inpatient department according to the international Diabetes Federation (IDF) criteria, and the patient's faecal samples were collected and numbered from D1 to D20. The detailed clinical data were showed in Table 1 . At the same time, 16 (C1C16) faecal samples were collected from the normal people. All faecal samples (> 3 g) were placed in a 1.5 mL saline tube (containing a DNase inhibitor). Immediately after collection, all of the samples were stored at 80 ℃. This study had received a strict medical ethics review, and all patients were informed and consented to participate in the study.
DNA extraction and concentration determination of fecal samples
Nucleic acid extraction was performed according to the QIAamp DNA Stool Mini Kit manufacturer's instructions, and DNA was finally dissolved in Buffer AE. Quantified the DNA concentration by using Qubit dsDNA HS assay kit, identified the DNA quality and integrity by Agilent 2100 Bioanalyzer with DNA 1000 chip.
16S rDNA high throughput sequencing
The primer sequences of the V3 and V4 regions of 16 s rDNA were designed after comparing the sequence of multiple bacteria. Upstream primer: 5'TCGTCGGCAGCGTCAGATGTGT3'; downstream primer: 5'GTCTCGTGGGCTCGGAGATGTG3'. Primers were stored at 20 ℃ after synthesis.
The libraries were constructed with a twostep polymerase chain reaction (PCR) amplification protocol.
The reaction mixture for first step was as follows: 1 μL of upstream primer (5 μmol/L), 1 μL of downstream primer (5 μmol/L), 10 ng of DNA template, 10 μL of HiFi buffer (2 ×), and 7 μL of sterile water. The thermal cycling was as follows: predenaturation at 95 ℃ for 3 min, denaturation at 95 ℃ for 30 s, annealing at 60 ℃ for 30 s, extension at 72 ℃ for 30 s, and extension at 72 ℃ for 5 min. After PCR amplification, the PCR products were purified by magnetic beads purification. At the second step, primers N701N712 and S501S508 were used ( Table 2 ). The reaction mixture was as follows: 1 μL of upstream primer (10 μmol/L), 1 μL of downstream primer (10 μmol/L), 2 μL of the purified amplification products from the first-round, 12.5 μL of HiFi buffer (2 ×), and 8.5 μL of sterile water. The thermal cycling was as follows: predenaturation at 95 ℃ for 3 min, denaturation at 95 ℃ for 30 s, annealing at 65 ℃ for 30 s, extension at 72 ℃ for 30 s followed by extension at 72 ℃ for 5 min. After the second round of PCR amplification, the products were purified by magnetic beads, and 30 μL sterile water was used for DNA elution. The concentration of libraries was quantified by an Agilent 2100 Bioanalyzer instrument with a DNA highsensitivity chip.
High throughput sequencing and data processing
High throughput sequencing was performed with the Illumina MiSeq (Illumine, San Diego, CA, United States) platform to produce 2 × 250 bp paired end reads. Raw tags were obtained by such methods as error rate checking, joint processing, and merging on the original sequencing primers. Raw tags were filtered using Qiime. Usearch was used to remove chimeric sequences and to obtain the final valid tags by comparing with the database. The operational taxonomic units (OTU) clusters were performed with Uparse based on a 97% sequence identity. Furthermore, in order to analyses the distribution and diversity of microbes in different samples, α diversity and β diversity were performed for all samples. α diversity analyzed the distribution and abundance of microorganisms in the sample by calculating, for instance, the ACE, the Shannon index, and the Simpson index. β diversity analysis was used to evaluate the diversity of the microbial composition in the sample. Principal Coordinates Analysis (PCoA) was performed based on a distance matrix of weighted UniFrac values.
Statistical analysis
Ttests were used to analyse the differences in bacterial abundance between the two groups. The abundance of Odoribacter, Prevotella, Ruminococcus, Faecalibacterium, Actinomycetaceae, Mobiluncus, Agromyces, Chryseobacterium and Peptostreptococcus were significantly different between the two groups. Correlation analysis showed that alkaline phosphatase was negatively correlated with the abundance of Prevotella (P < 0.05). There was also a negative correlation between the lowdensity lipoproteins and the Lin L et al . Microbial polymorphisms of patients with metabolic syndrome abundance of Ruminococcus (P < 0.05), while a positive correlation was observed between the highdensity lipoproteins and the abundance of Ruminococcus (P < 0.05). The total proteins and alanine aminotransferase were positively correlated with the abundance of Peptostreptococcus (P < 0.05).
RESULTS
Quality control of experimental data
Twenty faecal samples from metabolic syndrome patients (group D) and 16 faecal samples from normal people (group C) were collected in this study. The hypervariable region (V3, V4 and V5) of 16S rDNA of bacteria was amplified with the corresponding universal primers. After a series of procedure, for instance quality inspection, sample mixing, library building and QC, the qualified library were obtained and subjected to high throughput sequencing. Raw reads was purified with a series of quality control operations, such as error rate check, joint handling, merger and optimization. At last, effective tags were obtained for the following analyze revealed that Group C (control) consisted of an average of 59833 ± 11661 high quality sequences, and group D (metabolic syndrome) consisted of an average of 53857 ± 10901 high quality sequences. The average length of all of the sequences was 426 ± 2 nt. The sequences were subjected to OTU clustering at 97% similarity level using the Qiime software. After disregarding all OTUs that consisted of less than 2 sequences, the number of OTUs in group C and D were 928 to 2433, and 1161 to 2932, respectively. Classification of the bacteria was accomplished by Greengenes.
Composition and distribution of microorganisms in faeces
At the phylum level, the dominant bacteria of groups C and D were similar. The five phyla with the highest abundance were Bacteroidetes, Firmicutes, Actinobacteria, Proteobacteria and Fusobacteria (not detected in C4), which comprised 99.3799.97% of all the OTUs. All of these microbes are common intestinal microflora [12] ( Figure 1 ). Based on the group classification tree, we observed that the relative abundance of Firmicutes in group C was larger than that in group D (P < 0.05).
Although the relative abundance of Bacteroidetes, Fusobacteria, Proteobacteria and Actinobacteria in group D was higher than group C, this difference was not significant (P > 0.05) (Figure 2) . At the genus level, the dominant species in both groups were Prevotella, Bacteroides and Faecalibacterium. Among these species, only the abundance of Prevotella and Faecalibacterium were significantly different between the two groups. Ruminococcus, Coprococcus, Bifidobacterium, Blautia, Lactobacllus, Fusobacterium were also highly abundant and dominant in both groups. The abundance of species in group D was slightly higher than in group C (Figure 3 ).
Rarefaction and rank abundance curves
Rarefaction curves were used to evaluate whether the amount of sequencing data was sufficient to capture all species contained in the sample and to indirectly reflect the abundance of species. Rarefaction curves of two groups are shown in Figure 4 .
Rank abundance curves intuitively reflect the richness of the species in the sample and the distribution of uniformity. The higher the richness of species is, the greater the span of the curve on the horizontal axis, in the vertical direction, the gentler the curve, the more uniform the species distribution.
α diversity analysis
The ttest results and the box diagram showed that the abundance and diversity of the species in the two groups were significantly different (P < 0.05). The species richness of group D was significantly higher, while the microbial diversity of group C was greater (Table 3, Figure 5 ).
β diversity analysis
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DISCUSSION
Patients with metabolic syndrome were usually obese and suffered from atherosclerosis, dyslipidaemia, hypertension, insulin resistance, impaired glucose tolerance or other symptoms. For persons with this condition, the metabolism of proteins, fats, carbohydrates and other substances may be dysfunctional, which leads to changes in the composition of the symbiotic microbial flora in human body which, in turn, impacts certain important functions in humans. Therefore, the composition of microbial flora and the human body's health are closely related. There have been many studies on the correlations between metabolic syndrome and microbial flora. However, the correlation between microbial and clinical indicators of metabolic syndrome has rarely been reported. This paper analyzed the differences of microbial distribution between patients with and without metabolic syndrome, and focused on the relationship between clinical indicators and microbes in patients with metabolic syndrome. Our aim was to find a better means of detecting diseases based on the changes of microbial flora in humans.
Our results showed that the composition of the bacterial communities in persons with and without metabolic syndrome was similar. The dominant bacteria were Bacteroidetes, Firmicutes, Actinobacteria, Proteobacteria and Fusobacteria, all of which are common intestinal flora. There were significant differences in the abundance of Firmicutes in the two groups, being significantly lower in group D. Sun, et al [13] showed a decrease of abundance of the Firmicutes, and an increase of Bacteroidetes in obese people, which was similar to our findings, except we observed no significant increase in the abundance of Bacteroides in group D. The ACE index indicated a higher species richness of microbes in group D than group C; the Shannon index showed no significant difference between the two groups, while the Simpson index showed that the microbial diversity of group C was higher than that of the group D. These results indicate that various factors in patients with metabolic syndrome might lead to changes in the composition of microbial flora. At the genus level, the abundance of Prevotella, Ruminococcus and Peptostreptococcus were different among the two groups and showed certain correlations with the clinical data ( Table 4 ). An early symptom of type II diabetes or metabolic syndrome is insulin resistance [14] . Prevotella is a bacterium of the mouth and vagina that dominates during periodontal disease and periodontal abscess [15] , ACE index: Used to assess species abundance, the larger the value, the higher the abundance; Simpson index: Used to assess species diversity, the larger the value, the higher the diversity; Shannon index: Used to assess species diversity, the larger the value, the lower the diversity. The top 9 genus was ranked according to the relative abundance in total samples, and their relative abundance in group C and group D was showed respectively.
Lin L et al . Microbial polymorphisms of patients with metabolic syndrome and can enter the intestine with food and saliva. Diet is closely related to Prevotella. Studies had shown that longterm highfat diets can lead to excess energy in the body, which leads to obesity. Adipose tissue in obese patients secrete a variety of inflammatory factors such that the body enters a low inflammation state continuously, which leads to insulin resistance [16] . Zhao [17] observed that branchedchain amino acids increased in people with insulin resistance. As insulin resistance further develops, the body begins to lack insulin while the branchedchain amino acids increase gradually. Animal studies have confirmed the relationship between Prevotella and branchedchain amino acids [18] . For example, feeding mice with Prevotella for three weeks leads to an increase in the level of branchedchain amino acids in the body, and the formation of glucose tolerance and insulin resistance. We observed that the abundance of Prevotella in group D was significantly higher than group C, and we speculate that Prevotella may be a target microorganism in patients with metabolic syndrome. The increase in the abundance of Prevotella would lead to increased branchedchain amino acids and the metabolism of carbohydrates because Prevotella actively interacts with a variety of microbes to accelerate the metabolism of carbohydrates in the body [19] . The synthesis of branchedchain amino acids depends on a type of enzyme that is expressed in many kinds of microorganisms. Therefore, the presence of Prevotella and other microorganisms might lead to increased levels of branchedchain amino acids in the blood. However, we observed that Prevotella and alkaline phosphatase were negatively correlated. Clinical determination of alkaline phosphatase is primarily used for the diagnosis Figure 6 Clustering map of species abundance of two groups. The vertical direction was the sample information and the horizontal direction was the species annotation information. The corresponding valued of the heat map is the log 2 converted relative abundance of each line of species. D4  D1  D3  D17  C15  D2  D5  C9  C6  D19  D16  D6  C7  D12  D14  D13  D18  D7  C8  D10  D11  C13  C12  D20  D10  C2  C1  D15  C14  C4  C5  C3  C16  C11  D9 health problems. The WHO defined that glucose intolerance, insulin resistance, obesity, hypertension and dyslipidaemia are essential component of metabolic syndrome. Metagenomic studies had identified various specific gut microbiota relate to metabolic syndrome. Based on the Illumina Miseq sequencing platform, 16s rDNA was widely studied on the distribution and diversity of microbial communities, however the analysis on the clinical indicators was not enough. Recently, the microbial community, based on 16s rDNA sequencing, has attracted substantial attention. Metagenomic studies had identified that various specific gut microbiota were relate to metabolic syndrome, such as Akkermansia municiphila. The changes of microbes in the community and the relationship between microbial community and the clinical indicators of metabolic syndrome can be used as an indicator of metabolic syndrome detection.
Research motivation
Except for the distribution and diversity of microbial communities, we aimed to find out a relationship between these special bacteria and metabolic diseases through the analysis of clinical data.
Research objectives
The main objectives were twenty patients with metabolic syndrome which were recruited from the hospital outpatient and inpatient department according to the international Diabetes Federation (IDF) criteria. The patient's faecal samples were collected and analyzed by 16S rDNA sequencing.
Research methods
16S rDNA gene sequencing is a non-culture method based on the highthroughput sequencing platforms. At present, 16S rDNA gene sequencing has been widely utilized for metagenomic analysis of the environment, including analysis of the composition of the human and animal guts and fecal microbiota. In this study, we analyzed the bacterial community structure, and found out a relationship between these special bacteria and metabolic diseases. The microbial flora could be used to guide the detection of metabolic syndrome and the changes of microbes in the community can be used as an indicator. Furthermore, Prevotella might be a target microorganism in patients with metabolic syndrome.
Research results
Firstly, Bacteroidetes, Firmicutes, Actinobacteria, Proteobacteria, Fusobacteria were the dominant phyla, and Prevotella, Bacteroides and Faecalibacterium was the top three genera in faecal samples. Secondly, compared with the health people (group C), patients with metabolic syndrome (group D) had much more species richness in faecal samples. However, the microbial diversity of group C was greater than that of group D. Thirdly, clinical data had correlation with the distribution and diversity of microbial communities. For example, the alkaline phosphatase and low-density lipoprotein was negatively correlated with the abundance of Prevotella and Ruminococcus respectively (P < 0.05). In contrast, there was a positive correlation between the high-density lipoprotein and the abundance of Ruminococcus (P < 0.05), additionally, another positive correlation were detected among the total protein, the alanine aminotransferase and Peptostreptococcus (P < 0.05).
of orthopaedic and hepatobiliary diseases, especially jaundice. Whether the Prevotella in the patients with metabolic syndrome is related to orthopaedic and hepatobiliary diseases is worthy of further study.
Ruminococccus is a dominant group in the mammalian gut and has been associated with intestinal health [20] and insulin resistance. Ruminococccus has the ability to colonize efficiently and to decompose starch, which could inhibit insulin resistance [21] . Highdensity lipoprotein, lowdensity lipoprotein and triglyceride are important indicators of insulin resistance [22] . A previous study showed that the abundance of Ruminococccaceae decreased in obese mice fed a highfat diet [23] . Furthermore, there was a significantly positive correlation between Ruminococccaceae and gallbladder stones and low density lipoprotein (LDL) [24] . We observed that the abundance of Ruminococccus and lowdensity lipoprotein were positively correlated, while this abundance was negatively correlated with highdensity lipoprotein, and the correlation was significant. The abundance of Ruminococccus and glucose and lipid metabolism are closely related. There was no significant correlation between Ruminococccus and total cholesterol in this study.
Peptostreptococcus is a common anaerobic bacterium in the human body and is an opportunistic pathogen appearing when the immune system is disrupted. Studies have shown that the abundance of Peptostreptococcus in patients with type II diabetes is significantly reduced [25] . The abundance of Peptostreptococcus has also been linked to liver abscess and other bacterial infectious diseases. We observed that Peptostreptococcus and alanine aminotransferase were positively correlated, and we speculate that the lowered immunity in diabetic patients increased the abundance of Peptostreptococcus, causing liver infection and affecting some liver functions. Furthermore, the metabolic disorders inherent to diabetes could also lead to impaired liver function.
The microbial flora in the human body was involved in the metabolism of glucose and lipids. The blockage of this and other pathways leads to the occurrence of metabolic syndrome. Metabolic syndrome would further aggravate the body's metabolic disorders, leading to further disruptions in the microbial flora of metabolic syndrome patients. Thus, the microbial flora could be used to guide the detection of metabolic syndrome. In this study, the data on the composition of microbial communities of normal and metabolic syndrome patients were combined with the clinical indicators of metabolic syndrome. We observed that the changes in the microbial communities can be used as an indicator of metabolic syndrome. Conversely, this study suffered from two primary shortcomings: our sample size was small, and it was not representative.
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